Background: The present investigation was undertaken to evaluate the prognostic role of pretreatment serum hepatitis B virus (HBV) surface large envelope protein (LHBs) levels in the curative effects after 48-week adefovir dipivoxil (ADV) treatment. Methods: A total of 128 patients received ADV once daily for 48 weeks. Serum levels of LHBs were detected by ELISA. Real-time quantitative PCR was used to analyse HBV genotype and HBV DNA copies in serum. Receiver operating characteristic (ROC) curve analysis was performed to assess the optimal cutoff value of pretreatment LHBs for predicting the curative effects of ADV treatment. Results: After ADV treatment for 48 weeks, viral response and partial response were 31.4% (16/51) and 29.4% (15/51), respectively, in patients from the hepatitis B e antigen (HBeAg)-positive group; viral response and partial response were 39.7% (27/68) and 39.7% (27/68), respectively, in patients from the HBeAgnegative group. HBeAg-negative patients with high serum levels of LHBs had low response rates to antiviral therapy. ROC curve analysis showed that HBeAgnegative patients with serum LHBs levels ≥3.889 µg/ml at baseline predicted non-response to antiviral therapy. The sensitivity was 42.5% and specificity was 92.86%. Among a total of 19 patients with high serum levels of LHBs (≥3.889 µg/ml) at baseline, only 2 (11%) patients responded to antiviral therapy. There was no correlation observed between HBV genotype and effects of ADV treatment. Conclusions: HBeAg-negative patients with high serum levels of LHBs (≥3.889 µg/ml) at baseline should not be recommended to receive ADV treatment.
Approximately 350 million people are chronically infected with hepatitis B virus (HBV) worldwide, among whom approximately 200 million are in China. HBV infection can persist for the whole lifetime, often leading to severe consequences, such as liver failure, cirrhosis and hepatocellular carcinoma [1] . Chronic infection with HBV is one of the most important public health problems.
The treatment of chronic hepatitis B (CHB) is still a challenge, despite advances in therapeutic medicines, because some patients are unable to achieve sustained virological response [2] . The long-term goals of therapy for CHB are to reduce serum HBV DNA levels to below detectable limits, to slow the progression of liver fibrosis and, ultimately, to decrease the incidence of hepatocellular carcinoma [3] . Therapy with interferon or nucleoside analogues alone or in combination can be effective against HBV; however, side effects of interferon and the emergence of nucleoside-resistant mutants often limit treatment outcomes [4] .
Adefovir dipivoxil (ADV) has been used alone or together with lamivudine to suppress lamivudine-resistant HBV. After 1 year of therapy, a median 3.5-4.0 log 10 reduction in serum HBV DNA was observed [5] . ADV was advantageous and safe for oral administration, but induced a sustained response after withdrawal of therapy only in a minority of patients. In general, the antiviral responses to ADV in clinical practice varied across individual patients, and some patients had no long-term effects at all [6] Detectable HBV DNA in plasma or serum is one of the criteria for CHB in all guidelines. There is general agreement among practice guidelines that the decision to initiate therapy should be based on the demonstration of active viral replication (defined as an HBV DNA level of ≥100,000 copies/ml in hepatitis B e antigen (HBeAg)-positive CHB patients and moderate to severe disease, as evidenced by persistent alanine aminotransferase (ALT) increase (3-6 months) and/or histological demonstration of moderate to severe hepatitis. Measurement of HBV DNA is more crucial for the diagnosis and management of HBeAg-negative CHB patients, as it is the only marker of viral replication that can be monitored [7] .
Although viral load measurement plays an important role during therapy, significant variability in quantification among different assays occurs randomly, despite the standardization of reporting units and the finding of generally good correlation between different assays [8, 9] . The HBV genotype is another variable that might influence quantification by different methods [10] . The specificity, reproducibility and false-positive rate of results could influence HBV DNA detection [11] . Above all, high cost, requirements of circumstance, complicated devices and advanced techniques limit its use in developing country.
In recent years, we have performed analyses on hundreds of serum samples from CHB patients. Our results demonstrated that serum levels of surface large envelope proteins (LHBs) in HBeAg-negative patients correlated with HBV DNA copies [12] . Consequently, the aim of the present study is to assess the relationship between serum LHBs levels and HBV DNA copies, in order to evaluate the prognostic role of serum LHBs to long-term effects of ADV antiviral therapy.
Methods

Study design
A total of 128 consecutive patients with CHB were recruited, and provided written informed consent. All patients received 10 mg ADV (Shanghai Modern Pharmaceutical Co., Ltd, Shanghai, China) once daily after primary laboratory screening was completed. The study comprised 48 weeks of treatment. After antiviral therapy for 12, 24, 36 and 48 weeks, serum HBV DNA and LHBs were detected repeatedly. Approval was obtained by the Medical Ethics Committee of Beijing Ditan Hospital (Beijing, China).
Patients
Patients were divided into two groups, the HBeAgpositive and HBeAg-negative group. All patients were positive for hepatitis B surface antigen (HBsAg) for ≥6 months, their serum HBV DNA level was >500,000 copies/ml and serum ALT level was 3-10× the upper limit of the normal range. Based on a liver biopsy within the previous 12 months, all patients were consistent with the presence of CHB.
Exclusion criteria was decompensated liver disease, coexisting serious medical or psychiatric illness, neutrophil count of <1,500 cells/mm 3 , platelet count of <90,000 cells/mm 3 , serum creatinine level that was >1.5× the upper limit of the normal range, history of alcohol or drug abuse within 1 year before entry and coinfection with hepatitis C virus, hepatitis delta virus or HIV. Previous treatment for CHB was permitted, but not within 6 months before study participation.
Efficacy measures
Efficacy analyses included all patients who had received at least one dose of medication. Serum HBeAg and HBV DNA were measured with the AxSYM test (Abbott Laboratories, Abbott Park, IL, USA) and the Cobas ® Amplicor HBV Monitor Test (Roche Diagnostics, Basel, Switzerland), respectively. Except for pretreatment assessment, the efficacy measures were evaluated after 12, 24, 36 and 48 weeks treatment, including the combined response, such as HBeAg seroconversion, the normalization of ALT levels (data not shown), the reduction of HBV DNA levels and HBsAg seroconversion.
Serum LHBs measurement
The serum levels of LHBs were measured with ELISA kit (Beijing Hotgen Biotech Co., Ltd, Beijing, China), which was performed using THERMO Varioskan Flash (Thermo Scientific, Waltham, MA, USA). The critical value of LHBs absorbance was defined as 0.105, which was equal to 1 ng/µl. It was judged as a negative result when the value of samples absorbance was <0.105.
Genotype analyses
Genotype analysis of HBV DNA was performed at baseline with serum samples from all patients, which was done by fluorescent hybridization probes (ZJ Bio-Tech, Shanghai, China) and a real-time PCR machine (ABI 7500; Applied Biosystems, Foster City, CA, USA).
Statistical analyses
Patients per treatment group provided the study with a two-sided test in order to detect a difference in HBV DNA response rates. An overall significance level of 0.05 was chosen because of the primary end points. For each treatment group, response rates were computed with corresponding 95% confidence intervals. The Student's t-test was used to identify statistical difference between the two groups. The receiver operating characteristic (ROC) curve analysis was applied to make a certain optimal value of LHBs to predict the antiviral effects. SPSS 11.0 (SPSS Inc., Chicago, IL, USA) was used for descriptive statistics and analyses.
Results
Characteristics of the patients
All 128 patients received ADV treatment at baseline, but only 120 patients were followed-up for 48 weeks. After 24 weeks of ADV treatment, six patients had virological response, but with rebound of HBV replication at 48 weeks. These six patients were excluded from our analysis.
Of the 120 patients included in the analyses and who were assigned to receive ADV treatment, 52 patients were HBeAg-positive and 68 patients were HBeAgnegative. Baseline demographics and other characteristics are listed in Table 1 .
Virological response
A viral partial response was defined as reduction in serum HBV DNA by ≥2 log 10 , but with detectable (≥1,000 copies/ml) HBV DNA. A viral response was defined as undetectable (<1,000 copies/ml) serum HBV DNA. A viral non-response was defined as a serum HBV DNA level reduction <2 log 10 copies/ml after 48 weeks of antiviral therapy. In the HBeAg-positive group, 29.4% (15/51) of patients had a viral partial response, 31.4% (16/51) of those had a viral response, and 39.2% (20/51) of patients had a non-response. Among HBeAg-negative patients, 39.7% (27/68) had a viral partial response, 39.7% (27/68) of those had a viral response and 20.6% (14/68) of patients had a viral non-response (Table 2 and Figure 1 ).
ROC curve analysis of serum LHBs levels
ROC curve analysis was performed to assess the optimal cutoff value of LHBs to predict the effect of ADV treatment. The analysis indicated that HBeAgnegative patients with serum LHBs levels ≥3.889 µg/ml at baseline might have no response to ADV treatment. Of a total of 19 patients with serum LHBs≥3.889 µg/ml, 17 (89%) patients had no viral response to ADV treatment. The prognostic sensitivity was 42.5% and specificity was 92.86%. After 12 weeks of ADV treatment, among a total of 18 patients with serum LHBs levels ≥2.855 ng/ml, only 2 patients had a viral response to ADV treatment. The prognostic sensitivity of viral nonresponse was 40% and specificity was 92.86% (Figure 2 and Table 3 ). HBeAg-positive patients with serum LHBs levels ≥3.808 µg/ml after 24 weeks of ADV treatment might have a poor viral response. The prognostic sensitivity was 20% and specificity was 93.75% (Figure 2 and Table 4 ).
Genotype analyses
In our study, there were no significant differences in viral response between patients with genotypes A and B after 48 weeks of ADV treatment (data not shown).
Discussion
The present investigation demonstrated, firstly, that treatment with ADV resulted in improvements of virological, serological and biochemical markers for patients with CHB, but no differences were observed between genotype B and C. Secondly, the serum levels of LHBs in ADV pretreatment patients correlated with serum HBV DNA copies, especially to those of HBeAgnegative patients. Thirdly, the pretreatment serum levels of LHBs might serve as a prognostic marker in evaluating the effects of ADV antiviral treatment.
Among HBeAg/antibodies against HBeAg seroconversion, serum HBV DNA and ALT, the best viral marker for the management of HBV disease is serum HBV DNA. At present, measurement of serum HBV DNA level has been used as the primary method in virological monitoring of hepatitis B antiviral therapy in clinical practice, but quantification of HBV DNA levels A viral partial response was defined as a reduction in serum hepatitis B virus (HBV) DNA by ≥2 log 10 copies/ml, but with HBV DNA≥1,000 copies/ml. A viral response was defined as serum HBV DNA<1,000 copies/ml. A viral non-response was defined as serum HBV DNA level remaining >5 log 10 copies/ml through 48 weeks. HBeAg, hepatitis B e antigen. is expensive and not readily available or affordable in many countries where HBV is prevalent [13] . Although recently HBV serum level of HBsAg was used to evaluate the effect of antiviral therapy, the clearance of serum HBsAg was much slower than that of serum HBV DNA [14] . The low cost and readily operated method, which is correlated with HBV DNA, is still absent. In order to make certain the optimal cutoff value of serum levels of LHBs for prognosticating the curative effect of antiviral therapy, we performed a ROC analysis. According to the present results, serum LHBs levels of patients who were HBeAg-negative at baseline or after ADV treatment for 12 and 24 weeks were correlated with the effect of antiviral therapy at week 48. In the HBeAg-positive group, patients with higher serum levels of LHBs (≥3.808 µg/ml) after 24 weeks of antiviral therapy had a poorer response to ADV treatment. Among a total of eight cases of HBeAg-positive patients with serum levels of LHBs≥3.808 µg/ml after a 24-week ADV treatment, only one (13%) patient had a response to antiviral therapy after 48 weeks of ADV-treatment. But among 43 cases, HBeAg-positive patients with serum levels of LHBs<3.808 µg/ml after 24 weeks of ADV treatment, 35% (15/43) patients responded to antiviral therapy after a 48-week ADV treatment. The response rate to antiviral therapy was a significantly different between the two groups (P<0.05).
The most important finding of the present investigation was the correlation between serum levels of LHBs and the effects of ADV treatment, which was stronger in HBeAg-negative patients. The ROC analysis revealed that the serum levels of LHBs (≥3.889 µg/ml) at baseline was the best predictors of antiviral response in HBeAgnegative patients (area under ROC curve =0.658), but this trend was not observed in HBeAg-positive patients. In those patients with serum levels of LHBs≥3.889 µg/ ml at baseline, most had a poor response to antiviral therapy. A total of 19 patients had serum levels of LHBs ≥3.889 µg/ml at baseline, only 11% (2/19) of whom responded to antiviral therapy at week 48. The present results suggested that HBeAg-negative CHB patients with serum LHBs ≥3.889 µg/ml should not be recommended to receive ADV treatment.
Based on our results, compared with those of HBeAgpositive patients, there is a better correlation between the serum level of LHBs and virological response in HBeAg-negative patients. This difference might partly the result of different replication characteristics. CHB is characterized by an early replicative phase (HBeAgpositive) and a late low or non-replication phase with HBeAg seroconversion and liver disease remission (HBeAg-negative) [15, 16] . The follow-up time and the quantity of enrolled patients might also influence the results. HBV is an unusual virus because its surface proteins are not only incorporated into virion envelopes, but also generate empty subviral spherical or filamentous particles without nucleocapsids in an intracellular compartment, which form in great excess over virions. The three envelope proteins are encoded by a single open reading frame, using three in-frame start codons [17] . Among the three envelope proteins, it is not known why only the LHBs might be used as a biomarker to prognosticate the effects of antiviral therapy.
In the serum of CHB patients, there are three types of virus particles, including 22 nm spherical subviral particles, filaments with various lengths and 42 nm Dane's particles; however, only the 42 nm Dane's particles contain the HBV genome [18, 19] . Even more important, the three types of particles contain three different envelope proteins (large, middle and small) with different proportions of each. The 22 nm spherical subviral particles are the most abundant type (10,000-fold more than Dane's particles), assembled mainly with small envelope proteins and a small quantity of middle envelope proteins. LHBs also participate in assembling the 22 nm filaments particles, but are more abundant in Dane's particles [20] . Therefore, it is common that HBV DNA is decreased <1,000 copies/ml after longterm antiviral therapy, but HBsAg (small envelope protein) in serum still maintains high levels [21] .
According to other reports, all three envelope proteins contain a common N-glycosylation site in the S domain, but with different glycosylation patterns. In the presence of N-butyl-deoxnojirimycin (an inhibitor of α-glucosidase), three envelope proteins are retained in different compartments in hepatocytes. Middle protein is localized at lysosomal vesicles, but the small and large proteins are secreted [22] . N-linked oligosaccharides play many roles in the fate and functions of glycoproteins [23] . In the process of morphogenesis, although small proteins are essential and sufficient for budding, the assembly of Dane's particles depends on LHBs, which are correctly folded in endoplasmic reticulum [24, 25] .
From our results and other reports, we speculated that only with a proper proportion of LHBs, MHBs and SHBs can the Dane's particles be assembled with three envelope proteins. In addition, with less LHBs, the assembled particles mainly were filaments with different lengths. Finally, without LHBs, with very few, or with a large amount of surface small envelope proteins and a small quantity of surface medium envelope proteins, the assembled particles mainly were 22 nm. Consequently, among three envelope proteins, only LHBs was related with Dane's particles, the true virus particles, which contained HBV DNA. It is easy to comprehend that the serum level of LHBs is the best correlated marker with HBV DNA copies.
In contrast to other results [26, 27] , our data did not show the relationship between HBV genotype and the effects of ADV treatment. The different results might be because the number of patients who received ADV treatment and the time of treatment are different. Furthermore, most clinical investigations did not show the difference of effect between genotype B and C in ADV-treated patients, although these differences were observed between genotype A and D [28] .
On the basis of the present data, pretreatment serum levels of LHBs could be used to determine which patient was suitable for ADV antiviral therapy. The patients with high serum levels of LHBs (≥3.889 µg/ml) at baseline, especial those of HBeAg-negative patients, should not be recommended to receive ADV treatment. Because all oral nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs) have the same molecular mechanism targeting HBV, the relationship between sera levels of LHBs and antiviral effects of other NRTIs needs to be further elucidated.
